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(VSHFLDOO\ LQ WKH PDQXIDFWXULQJ RI KLJK SHUIRUPDQFH VXUIDFH VWUXFWXUHV IRU OD\HUHG PDWHULDOV WKH XVDJH RI
SDWWHUQLQJ WHFKQLTXHV EDVHG RQ ODVHUPLFURPDFKLQLQJ GHOLYHUV ERWK WHFKQLFDO DQG ILQDQFLDO DGYDQWDJHV+RZHYHU
LQKHUHQWDVSHFWVRIWKHODVHUDEODWLRQDVVRFLDWHGWRZRUNSLHFHYDULDWLRQVUHVXOWDQWIURPSUHYLRXVSURFHVVHVFDQOHDGWR
RYHUDOO SURFHVV LQVWDELOLWLHV)XUWKHUPRUH GLIIHUHQWPDFKLQHZRUNSLHFHDQG HQYLURQPHQWDO UHODWHGSDUDPHWHUV FDQ
DOVR LQIOXHQFH WKH SURFHVV VWDELOLW\ DQG UHSURGXFLELOLW\ ,Q VSHFLDO SRVVLEOH UHVXOW YDULDWLRQV GXH WR WKLFNQHVV




FRQWURO LV LQGLVSHQVDEOH7KHUHIRUHWKLVSDSHUH[DPLQHVWKHSRVVLELOLWLHVRID ODVHUSURFHVVUHODWHGSODVPDHPLVVLRQ
DQDO\VLVIRUDSURFHVVGHSHQGHQWOD\HUPDWHULDOGHWHFWLRQDQGGLVFULPLQDWLRQ
&RQFHSW




FRPSRVLWLRQDO PDSSLQJ RI KHWHURJHQHRXV PDWHULDOV $Q DQWHFHGHQW DSSOLFDWLRQ IRU FRPSRVLWLRQDO PDSSLQJ IURP
ZKLFK /,%6 ZDV RULJLQDWHG LV WKH GHWHUPLQDWLRQ RI WKH RULJLQDOLW\ RI ZRUNV RI DUW ZLWKRXW GDPDJLQJ WKH KLJK
YDOXDEOH REMHFWV $QRWKHU DSSOLFDWLRQ LV GHSWK SURILOLQJ ZKLFK GHWHUPLQHV WKH PDWHULDO FRPSRVLWLRQ LQ D[LDO


























HQHUJ\ GLVFKDUJH WR FHUWDLQ PDWHULDOV E\ WKH UHDUUDQJHPHQW RI WKH H[FLWHG HOHFWURQV EDFN WR WKHLU DWRPLF FLWHV







2.2. Inline plasma monitoring 
%DVHG RQ WKH SULQFLSOH SURSHUWLHV RXWOLQHG LQ WKH SUHYLRXV VHFWLRQ WKH SRVLWLYH FKDUDFWHULVWLFV RI WKH /,%6
WHFKQRORJ\JHQHUDWHVDQH[WHQGHGFDSDELOLW\IRUPRQLWRULQJODVHUSURFHVVHVDQGIHHGLQJDFWXDOLQIRUPDWLRQEDFNWR




,Q WKLV FRQWH[W WKHPDLQPHDVXUHPHQWPRGXOHVRI D/,%6 V\VWHPDUH D OLJKW FROOHFWLQJXQLW WR FRXSOH HPLWWHG
SODVPDOLJKWLQWRWKHPHDVXUHPHQWV\VWHPDQGDVSHFWURPHWHUDVHYDOXDWLRQXQLWIRUWKHFROOHFWHGVSHFWUD
5HJDUGLQJ WKH UDGLDWLRQ SURSHUWLHV RI WKH HPLWWHG OLJKW UHODWHG WR WKH SODVPD D OLJKW FROOHFWLQJ XQLW EDVHG RQ
IRFXVLQJSDUDEROLFRIID[LVPLUURUVLVXVHGIRUFRXSOLQJWKHSODVPDHPLVVLRQLQWRDILEUHJXLGLQJWKHOLJKWLQWRWKH
VSHFWURPHWHU7KHVFKHPDWLFVHWXSRIWKHOLJKWFROOHFWLQJXQLWLVGHPRQVWUDWHGLQ)LJ




LPSLQJHV RQWR D KRORJUDSKLF FRQFDYH GLIIUDFWLRQ JUDWLQJ ZKLFK H[HFXWHV WKH VSHFWUDO GLIIUDFWLRQ 7KH FRQFDYH
JUDWLQJPRUHRYHUIRFXVHV WKHGLIIUDFWHG OLJKWRQWRD&&'FDPHUD OLQH WR WUDQVODWH WKH OLJKWV¶ LQWHQVLW\GLVWULEXWLRQ
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([SHULPHQWDOVHWXS
3.1. Measurement system prototype 
7KH PHDVXUHPHQW V\VWHP VHWXS ZDV GHVLJQHG EDVHG RQ DQ DGDSWHG OLJKW FROOHFWLQJ XQLW DQG DQ RSWLPL]HG
VSHFWURPHWHU 7KHUHIRUH WKH OLJKW FROOHFWLQJ XQLW ZDV LPSOHPHQWHG ZLWK WZR SDUDEROLF RIID[LV PLUURUV RQH IRU
FROOLPDWLQJ WKHSODVPDHPLVVLRQ WR WKH VHFRQGPLUURUZKLFK IRFXVHV WKH OLJKW DJDLQRQ WKH DSHUWXUHRI DQRSWLFDO
ILEUH7KHILEUHXVHGIRUJXLGLQJWKH/,%6SODVPDHPLVVLRQVLJQDOWRWKHVSHFWURPHWHUZDVDPXOWLPRGHILEUHRQWKH






VWUXFWXUH RI WKH JUDWLQJ GLIIUDFWV WKH OLJKW LQWR LWV VSHFWUDO LQWHQVLW\ GLVWULEXWLRQ DQG PRUHRYHU FRUUHFWV RSWLFDO




JUDWLQJ LVZLWK D FRUUHFWHG VSHFWUDO UDQJH RI  QP WR  QP YHU\ VXLWDEOH IRU DSSOLFDWLRQV LQ /,%6 DVPRVW






(OHPHQW 0DLQHPLVVLRQOLQHV  









































3.3. Experimental definitions 















ODVHU SDUDPHWHUV DUH FKRVHQ LQ WKLV FRQILJXUDWLRQ WR DFKLHYHSUHIHUDEO\ KLJK HPLVVLRQ LQWHQVLWLHV RI WKH HPHUJLQJ
SODVPDSOXPHV5HJDUGLQJWKHFROOHFWLRQRIWKHSODVPDHPLVVLRQVWKHVHWWLQJVRIWKHFDPHUDDUHDGMXVWHGIRUDJRRG
GHWHFWLRQRIWKHVSHFWUDOHPLVVLRQYDOXHVE\WKHFDPHUDDVZHOO7KHFDPHUDH[SRVXUHWLPHLVVHWWRVDQGLV
FRQILJXUHG WR WKDW YDOXH WR DFKLHYH D VXIILFLHQW LOOXPLQDWLRQ WLPH RQ WKH GHWHFWRU OLQH UHJDUGLQJ WKH ODVHU SXOVH
HQHUJ\ 7KH H[SRVXUH WLPH RI  V UHSUHVHQWV WKH KLJKHVW SRVVLEOH H[SRVXUH WLPH RI WKH FDPHUD LQ WKH




IRLO DQG WKH VXEVHTXHQW SODVPD H[DPLQDWLRQ ERWK WKH ODVHU DQG WKH FDPHUD SDUDPHWHUV KDG WR EH DGDSWHG WR WKH
FKDQJHGSURFHVV UHTXLUHPHQWV7KH ODVHUSDUDPHWHUVDUHDGMXVWHGRQO\ LQ WHUPVRISXOVHHQHUJ\ZKLFKZDVVHW WR
P-7KHUHIRUHWKHSXOVHGXUDWLRQRIQVDVZHOODVWKHUHSHWLWLRQIUHTXHQF\RIN+]DQGWKHVFDQQLQJVWHSV
RIPZHUHOHIWXQFKDQJHG7KHFKDQJHVDUHZHOOVXLWHGIRUERWKWKHDEODWLRQRIFDUERQDQGFRSSHU5HJDUGLQJ
WKH UHGXFHG SXOVH HQHUJ\ WKH FDPHUD SDUDPHWHUV KDYH WR EH DGDSWHG DVZHOO'XH WR WKH ORZHU SODVPD HPLVVLRQ
LQWHQVLWLHV UHVXOWLQJ IURP WKH ORZHU SXOVH HQHUJ\ WKH FDPHUD SDUDPHWHUV DUH VHW WR WKH PD[LPXP YDOXH IRU WKH
H[SRVXUHWLPHRIDERXWVZKLFKUHVXOWVLQDPD[LPXPSRVVLEOHYDOXHRIWKHIUDPHUDWHRI+]
D E
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5HVXOWV







DFFRUGDQFHZLWK WKHUHIHUHQFHV WKHVSHFWUXPRIVWHHOGLVSOD\V LWV VWURQJHPLVVLRQSHDNIRU ,URQ LQ WKH89UHJLRQ
DURXQG WKH H[SHFWHG ZDYHOHQJWK RI  QP ZKLFK LV TXDOLWDWLYHO\ GHPRQVWUDWHG E\ WKH PHDVXUHG VSHFWUXP
&KURPLXPZLWKLWVSHDNVDWQPDQGQPDQG0RO\EGHQXPZLWKLWVPDLQHPLVVLRQSHDNDWQPDUH
TXDOLWDWLYHO\YLVXDOL]HG LQ WKHVSHFWUDOUDQJHEHWZHHQQPDQGQP>6WXUPHWDO@2QO\ WKHH[SHFWHG
SHDNV RI&DUERQ DQG1LFNHO DUH QRW HQFORVHG LQ WKHPHDVXUHG VSHFWUXP7KHLU HPLVVLRQ SHDNVZHUH H[SHFWHG WR
DSSHDUDWQPIRU&DUERQDQGQPIRU1LFNHO7KHDEVHQFHRI WKH&DUERQDQG1LFNHOSHDNZKLFKDUH
VXSSRVHG WREH LQ WKHVSHFWUDO UHJLRQEHQHDWKQPLQGLFDWHVWKH OLPLWRI WKHGHYHORSHG/,%6V\VWHPV¶VSHFWUDO








TXDOLWDWLYHO\ LQ WKH FRUUHFW VSHFWUDO UDQJHEXW EOXUUHGRYHU D VSHFWUDO UDQJHRI QPDURXQG WKHRULJLQDO SHDN DW
QPIRU WKHPDLQSHDNRIDOXPLQLXP7KLVEOXUULQJHIIHFW OLPLWV WKHVSHFWURPHWHUV¶ UHVROXWLRQZKLFKPHDQV
WKDWSHDNVPXVWEHVHSDUDWHGDWOHDVWQPIURPHDFKRWKHUWREHGLVFULPLQDWHGE\WKH/,%6V\VWHP)XUWKHUPRUH









 DQG )LJ  GHOLYHU D FOHDUO\ TXDOLWDWLYH GLVFULPLQDWLRQ EHWZHHQ WKH WZRPDWHULDOV )RU IXUWKHU YDOLGDWLRQ RI WKH









GHWHFW WKH WUDQVLWLRQ ]RQH EHWZHHQ WZR WKLQ OD\HUHG PDWHULDOV LQ WHUPV RI DQ DEODWLRQ ZLWK VHYHUDO ODVHU SXOVH
LWHUDWLRQVDQGWKHUHIRUHWKHUHPRYLQJRIDWKLQVLQJOHOD\HUHDFKSHUSXOVH%HVLGHVWKHJRRGFDSDELOLW\RIWKHV\VWHP
WRGLVWLQJXLVKEHWZHHQWKHWZROD\HUVWKHHPLVVLRQOLQHRIFDUERQDWQPLVQRWGHWHFWDEOHDVLVZDVLQWKHVWHHO
VSHFWUXP 7KH VSHFWUDO VHQVLWLYLW\ OLPLWHG E\ WKH FDPHUD FDQ EH GHFODUHG DV WKH UHDVRQ IRU WKH PLVVLQJ FDUERQ
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+RZHYHUWKHVSHFWURPHWHUGHWHFWVVRPHSHDNVLQWKH9,6VSHFWUXPIURPDERXWQPWRQPZKHUHIRUHRQO\
WKH SUHVHQFH RI &DUERQ LQ D GLIIHUHQW FRQGLWLRQ UHJDUGLQJ LWV DWRPLF ODWWLFH JLYHV DQ H[SODQDWLRQ 7KH GHWHFWHG
HPLVVLRQOLQHVPRVWOLNHO\RFFXUIURP&DV5LDVFRVHWDOSRLQWHGRXW%\WKHUHFRPELQDWLRQRI&WKHSODVPD
LV H[SHFWHG WR LUUDGLDWH LWV HPLVVLRQ EHWZHHQ  QP WR  QP >5LDVFRV HW DO @ ZKLFK LV TXDOLWDWLYHO\
FRQJUXHQWZLWK WKH VSHFWUXP LQ)LJ$IWHU WKHH[FHHGLQJ WKHDEODWLRQSODQHRYHU WKH LQWHUIDFHEHWZHHQ WKH WZR
PDWHULDO OD\HUV WKH VSHFWUXP VKRZQ LQ )LJ  RFFXUV 7KH SLFWXUHG VSHFWUXP FRQWDLQV WKH VDPH FKDUDFWHULVWLF
HPLVVLRQSHDNVOLNHWKHOLWHUDWXUHSRLQWVRXWIRU&RSSHU7KHVSHFWUXPFRQWDLQVRQHSHDNLQWKHORZHU89ZKLFKILWV












FRQWURO V\VWHPV ZKLFK MHRSDUGL]HV WKH DEODWLRQ SURFHVVHV LQ WHUPV RI D SURSHU GHILQHG VXUIDFH PRGHOOLQJ DQG
WUDFHDELOLW\&RQVLGHULQJWKHSUHYLRXVO\GHVFULEHGZRUNSLHFHPDFKLQHDQGHQYLURQPHQWDOUHODWHGRYHUDOOYDULDWLRQV
ZKLFK DIIHFW WKH SURFHVV UREXVWQHVV DQG WKH ILQDO SURGXFW TXDOLW\ D SURFHVV PRQLWRULQJ DQG FRQWURO LV KRZHYHU
GHPDQGLQJLQVHYHUDODUHDV,QWKHVSHFLDOFDVHRIWKHPDFKLQLQJRIOD\HUHGVXUIDFHVZLWKODVHUDEODWLRQWKHIHHGEDFN
RIWKHDEODWLRQGHSWKDVZHOODVOD\HUFKDQJHZRXOGHQDEOHDQLQFUHDVHRIWKHRYHUDOOSURFHVVUREXVWQHVV)RUWKLV
UHDVRQ WKH SRVVLELOLWLHV RI ODVHU LQGXFHG EUHDNGRZQ VSHFWURVFRS\ DV D IHHGEDFN FRQWURO V\VWHP IRU ODVHU PLFUR
PDFKLQLQJDSSOLFDWLRQVIRUPXOWLOD\HUHGVXUIDFHVZHUHHYDOXDWHG
7KH WHFKQRORJ\RI/,%6SURYLGHV LQ FRQWUDVW WR RWKHUPHDVXUHPHQW V\VWHPV WKH IXQGDPHQWDO FDSDELOLW\ RI WKH
PDWHULDO DQG FRQVHTXHQWO\ OD\HU FKDQJH GHWHFWLRQ DOVR IRU WKLQ OD\HUV EHFDXVH /,%6 XVHV WKH SODVPD ZKLFK LV
LQGXFHG E\ WKH ODVHU PDFKLQLQJ SURFHVV LWVHOI DQG LV LQ DGGLWLRQ LQGHSHQGHQW RI UHVWULFWLRQV GXH WR LWV RSWLFDO
FRPSRQHQWVLQDZLGHUDQJH/,%6XVHVWKHPHFKDQLVPVRIODVHULQGXFHGSODVPDZKLFKSURYLGHVWKHSRVVLELOLW\RI
PHDVXULQJWKHPDWHULDOFRPSRVLWLRQRIWKHDEODWHGPDWHULDOFROOHFWLQJUHDOWLPHLQIRUPDWLRQDERXWWKHODVHUSURFHVV
7KH SURYLGHG LQIRUPDWLRQ LV IHHGEDFN ULJKW WR WKH ODVHU PLFUR PDFKLQLQJ V\VWHP HQDEOLQJ WKH DGDSWLRQ RI LWV
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